Abstract Color (CIE b*; yellowness) is an important parameter for bulgur quality. Color of bulgur is mainly due to natural pigments (carotenoids) that are present at different levels in wheat. In order to increase the customer acceptability, the producers try to obtain yellowish color in bulgur. In this study, two different tempering methods (spray and steam) were used before sun and UV-light polishing applications. Sun and UVlight were applied to tempered bulgur for 12, 24, 36, 48, 60 and 72 h. Moisture content (%, d.b.), ash content (%, d.b.), protein content (%, d.b.), total carotenoid content in terms of lutein equivalent (TCC) and color values (CIE L*; lightness, CIE b*; yellowness, CIE a*; redness and CIE YI; yellowness index) were determined. It was found that UV-light was more effective (P<0.05) on the CIE L* and CIE b* values compared to sunlight. Both tempering methods were significantly (P<0.05) increased the CIE L*, CIE b* and CIE YI values. Steam tempering has a significant effect (P<0.05) on the CIE b* values as well as UVand time of UVexposure. The highest value of TCC i.e. 6.31 μg/g was obtained by using spray tempering and UV-light exposure. As a conclusion, as proposed methods steam tempering and UV-light have an obvious positive effect on the color of bulgur.
Introduction
Bulgur is a cleaned, cooked, dried, dehulled, milled, optionally polished and finally classified wheat product. 'Bulgur' is ranked among the most nutritious food resource by the American Science Center (Dönmez et al. 2004) . Bulgur is an excellent food source due to its low cost, storability (long shelf-life), ease of preparation, and high nutritional value, which resists mould contamination and attack by insects and mites (Bayram 2000) . Bulgur is also stored for military and humans nutrition purposes in some countries because of its resistance to absorbance of radiation (bulgur is one of the important wheat products in the U.S.A., and it is included in the special list of food rations in nuclear fallout shelters, recently), prevent intestinal cancer risk and consumable alone due to its fiber content (formation of fibrous structure, lack of phytic acid due to the processing properties) and good nutritional composition. The production is 2.5 times greater than pasta and consumed as 12 kg per person annually in Turkey (in the East and South Parts of Turkey, 25 kg/ person; also, in Syria, Iraq, Iran, Israel, Lebanon, Arabia i.e. Middle East countries, 30-35 kg/person) (Bayram 2000, Bayram and Öner 2002) . In addition, bulgur is produced in USA, France, Sweden, Greece, Syria and Lebanon.
Visual appearance, especially color, is the most important characteristic of foods and determines the choice or rejection of the product by the consumer (Ponsano et al. 2004) . Bright yellow color is an important demand by consumers for bulgur (Bayram 2005) , pasta (Schulthess et al. 2013; Zhang and Hamaker 2012) , noodle (Hatcher et al. 2008; Ito et al. 2007) , and semolina (Fratianni et al. 2005; . The bright yellow color of wheat products like semolina and pasta which are also produced from Triticum durum, is mainly due to its carotenoid pigments. The carotenoid concentration of durum wheat is a criterion for the assessment of semolina quality (Dupont and Osman 1987; Schulthess et al. 2013) . Thus, increasing yellow color is a valuable goal for improving the commercial and nutritional values of durum wheat products (Fratianni et al. 2005) . The relationship between total carotenoid content of the bulgur and yellowness, no documentation has been found during the literature review.
The preference for bright-yellow is evident in markets, and thus bulgur producers try many ways to improve the attractiveness of bulgur. In order to improve the color of bulgur and meet the consumer demands, bulgur producers first tried to add some dyes even if they were not allowed. Nowadays, there is a tendency to use natural additives. In addition, in industry, a mechanical kneading operation (it is called as polishing in industry) was widely used after drying and tempering to improve the color of bulgur. Squeezing the bulgur to provide some friction energy after tempering (increasing moisture content to a certain level) the brightness/yellowness of bulgur during polishing operation. Tempering is an important unit operation which the moisture content of bulgur is increased. Spray tempering before the mechanical polishing operation is the current method used mostly in bulgur industry. In this method, water is directly sprayed onto bulgur. After water addition, bulgur samples are rested to absorb it for 25-30 min. For the effectiveness of polishing operation, tempering is vital for cereal products. The literature about the effects of tempering on the color of final product are scanty.
Besides tempering, sun drying is an important operation in traditional bulgur production. Sun-light is used to decrease the moisture content from 45 to 10 % (w.b.) by spreading the bulgur onto a clear surface for 8-10 h. Traditionally, this method is believed to increase the yellowness of bulgur. Sun drying has some disadvantages like; non-hygienic product, lack of control over sun, difficulties to control the operation parameters, uneven drying, loss of product and non-standardized product. Imre (1997) and Hayta (2002) stated that the openair sun drying may cause quality degradation and pollution infestation of the product. However according to the industrial experiences, sun dried bulgur has better yellow color than artificially dried bulgur. There is no study available about the effects of sun drying or UV-light on color bulgur.
The Sun is the most important natural radiation source, with a spectrum distribution that includes wavelengths from 250 to 1200 nm (Falguera et al. 2011) . The most effective wavelengths are located between 200 and 280 nm (the so-called UVC), especially at 254 nm (Falguera et al. 2011) . There have been well-documented effects of UV-B radiation on crop plants: barley (Schmitz-Hoerner and Weissenbock 2003), wheat (AlOudat et al. 1998; Zheng et al. 2003) , oats (Yuan et al. 1999) , maize (Barsig and Malz 2000; Santos et al. 1998) , soybean (Yuan et al. 2002) and cotton etc. These studies were conducted under field conditions, in greenhouses and closed chambers, with varying sources of light radiation. Although the use of ultra-violet light (UV) is well established for water treatment, air disinfection and surface decontamination, its use is still limited in food treatment and in postharvest technology in particular. Considering its importance, surprisingly limited information is available about the interaction of UV-light with matter, especially with a complex food matrix (Ribeiro et al. 2012) .
In this study, two different tempering methods were applied such as spray and steam tempering to determine the effect of tempering techniques on the color of bulgur. Steam tempering is a new process, proposed by this study applied for the tempering of bulgur involved heat and moisture gain to bulgur. Additionally, the UV-light was tried to determine effects on the physical and chemical properties of bulgur, especially on the color. These alternative methods should satisfy the consumers and maintain a balance between sensory and quality. For this reason, exploration and enhancement of new alternatives are essential. There is a real need to find alternatives for polishing methods i.e. mechanical kneading or illegal dye addition.
The aims of the study;
i. to determine the effect of tempering methods on the color of the bulgur, ii. to determine the effects of UV and sunlight on the yellowness of the bulgur, iii. to improve the yellowness of the bulgur, iv. to determine the relationship between lutein concentration and other physical properties of the bulgur.
Materials and methods

Materials
The unpolished bulgur (produced from Triticum durum Svevo, harvested 2012) sample was obtained from a local bulgur plant. The properties of wheat and bulgur used in this study were shown in Table 1 . Tempering is generally explained as the increase or adjustment of the moisture content of the grain. In cereal industry, bulgur is tempered prior to polishing in order to obtain bright yellow color. In this study, the spray and steam tempering techniques before polishing were subjected. In the current bulgur production, water was added with a fine spray to increase the moisture content. The bulgur was rested about 30 min (Bayram 2005) A pre-study were made to determine the ideal operating parameters. The change in parameters was measured during 72 h of exposure (12, 24, 36, 48, 60 and 72 h.) . Bulgur samples were tempered (spray and steam tempering) to 17 % (d.b.) moisture content. Then, they were rested for 30 min. Before use the UV-light, the lamps were allowed to warm up for 30 min to stabilize the output. The samples were taken to the room temperature (25±2°C) before the experiments to stabilize. The samples were arranged in a thin layer. Bulgur was exposed to sun and UV-light for 72 h, the samples were collected for every 12 h intervals and kept at refrigerator (4°C). Six UV-light and sunlight exposed samples were obtained.
Analysis
The moisture content of bulgur was measured at 130°C using oven method (AACC 1999b). Kjeldahl method (Nx5.7) was used to determine the protein contents of bulgur samples (AACC 1999c) . The ash contents of bulgur measured at 900°C using AOAC method (AACC 1999d) . Color values (CIE L*, CIE a*, CIE b*and CIE YI) of bulgur were measured with Hunter Lab colorimeter (Colorflex, Hunter Lab, USA). The CIE L*, CIE a*, CIE b*and CIE YI values correspond to lightness, greenness (−a)/redness (+a), blueness (−b)/ yellowness (+b) and yellowness index, respectively. Before each of the colour measurement, black and white standard tiles were used to calibrate colorimeter (L=93.01, a=−1.11, b=1.30). The colour measurements were performed on bulgur at room temperature (25±2°C).
Pigment determination
The total carotenoid content (TCC) was carried out following the official AACC method 14-60.01 (AACC 2012) . This method quantifies total carotenoid content in cereal grains and flours as lutein equivalent.
Each sample was grinded (Cemotec 1090 sample mill, Foss Tecator, Sweden) and screened with 0.5 μm screen. Then samples were extracted by water saturated 1-butanol (WSB) (Sigma Aldrich, Germany) (suspended one night in a separatory funnel) for 3 h. in a shaker (Innova 40R, New Brunswick Scientific, USA) with 500 rpm. Extraction tubes were wrapped with black paper to avoid sample degradation by photo oxidation. The samples were then centrifuged (Centrifuge 5804, Eppendorf, Germany) at 10,000 rpm for 10 min, with 2 mL aliquots of the extract supernatant analysed and absorbance of n-butyl alcohol (Sigma Aldrich, Germany) extracts was measured by a UV-spectrophotometer (Novaspec II, Pharmacia Biotech, USA) at 450 nm. To improve reliability of the analysis, calibration of the instrument was carried out by reading a blank solvent extraction. The following equation (Eq. 1) was used to calculate TCC in μg lutein equivalent per g of sample:
in which A=absorbance reading of the sample extract; R= slope coefficient of the regression (the slope of the relationship between concentration of lutein (μg/mL) and absorbance reading); W=sample weight (g); and 5=total volume of extract (mL). The regression analysis of the absorbance and lutein concentration showed a linear relationship with a coefficient of determination (R 2 ) of 0.995 for lutein. The reported data are the mean of three replications.
Data analysis
A standard procedure of the analysis of variance (ANOVA) was applied to the data to separate the effect due to process (UV and sun), tempering (steam and spray) and time of process (12, 24, 36, 48, 60 and 72 h.) . Statistically significant correlations were determined according to the Pearson coefficient. All statistical analyses were performed using the SPSS software (ANOVA, SPSS Inc. version 16.0, Chicago, IL).
ANOVA was designed as to assess the effects of factors on the dependent variables. There were three different independent variables. Independent variables and levels of these variables were given in Table 2 .
Results and discussion
The change in color values during the tempering, sun and UV-lights polishing applications
The main purpose of polishing was to increase CIE L* and CIE b* values while to decrease CIE a* and CIE YI values according to Bayram (2005) . Color values and total carotenoid content of bulgur samples after tempering and polishing operations were presented in Table 3 .
The CIE L* values shows the darkness (0) and lightness (+ 100). CIE L* values increased with all methods of tempering and polishing (P<0.05). The highest value of CIE L* was obtained as 60.49 with spray tempering and UV-light polishing. Also, there was an increase in CIE L* value, from 55.59 to 59.73, was obtained with steam tempering and UVlight polishing at 24th hour. The difference in CIE L* values can be explained as the effect of tempering methods. Considering a higher increment in CIE L* value is desired, bulgur should tempered with steam and exposed to UV-light for 24 h according to the experimental results (from 55.59 to 59.73 instead of from 58.40 to 60.40).
The CIE a* value increased with spray tempering in contrast to steam tempering. The lowest value obtained was 6.56 for 24th hour with steam tempering and UVlight polishing (the initial value of 7.62). Statistical analysis illustrated that steam tempering and time of UVlight exposure had a significant (P<0.05) effect on the reduction of CIE a* value. This means that steam tempering, UV-light and time of UV-light decrease the redness of bulgur. The decrease in redness may be due to the degradation of the long chemical structure of carotenoids (Bayram et al. 2004; Delgado-Vargas et al. 2000; Fletcher 1981 ). Meléndez-Martínez et al. (2007) explained as carotenoid behavior which is derived substantially from their highly delocalized polyene backbone. This system is further exploited by two cyclohexene end rings. Depending on the degree of substitution, these rings can strongly influence the overall properties of the carotenoid. Lutein, which is a soft pastoral yellow, can be ketonized (C-H→C=O) at the fourth ring carbon resulting in an extended (longer) conjugation of double bonds with the carotenoid polyene backbone. This causes the spectrum of lutein to shift to the red.
CIE b* values were given in Table 3 . Initial values for spray and steam tempered samples were 29.95 and 32.39, respectively. The highest value was obtained as 33.40 at 36th hour for steam tempered and UV exposed sample. Steam tempering has a significant effect (P<0.05) on the CIE b* values as well as UV and time of UV exposure. The values of CIE b* were increased with spray tempering from the initial value of 29.95 to an average of 32.35 for sunlight and 31.96 for UV-light. After 12th hour, CIE b* value seems to be similar pattern with spray tempering for both sunlight and UV-light. As seen, UV was better (P<0.05) than the sunlight on the CIE b* value, namely yellowness of the bulgur.
Yellowness index (CIE YI) is a measure of the color on the yellow scale that describes the change in color of a sample from clear or white toward yellow. The CIE YI values were given in Table 3 . Similar pattern in CIE YI were obtained with CIE b* value. The lowest value was obtained at 24th hour of UV exposure with steam tempering as 72.99.
According to the Pearson correlation test (Table 5 ) sunlight and UV-light have significant effects (P<0.01) (0.390) on the CIE b* value. Also, tempering methods have significant effect (P<0.01) (0.395) on the CIE b* value, steam tempering was n, means the number of run for each data ±, means standard deviation of "n" number of measurements better than spray tempering. On the other hand, time of UV exposure had a significant effect on the CIE b* value at P<0.05 level (0.323).
As an interesting result, CIE b* value was positively correlated with CIE L* (0.557), CIE a* (0.489) and CIE YI (0.801) values (P<0.01). Yellowness and lightness increased parallel to obtain a better bulgur color, by contrast with increase in redness and yellowness index. This can be explained by the increase of the amount of yellowness and redness at the same time (Fletcher 1981) . Also, brightness (increase in CIE L*) and concentrated yellow color (increase both CIE b* and CIE YI) were obtained. These results are different with the literature (Hatcher et al. 2008; Leenhardt et al. 2006) defending the main carotenoid is lutein in wheat. This is possibly the effect of not only the lutein but also other color constituents like flavonoids. Sunlight and especially UV-light excited the light sensitive pigments like carotenoids. These carotenoids emitted the UV-light and increased energy level resulted in color change. Carotenoids are very common yellow to red pigments responsible for the final yellow color of bulgur. The principal coloring carotenoid responsible for the characteristic yellow color of wheat and bulgur is lutein, a C 40 carotenoid polyene. Lutein (C 40 H 56 O 2 ), oxygenated derivative of carotene and yellow pigment of wheat, is a polyene hydrocarbon containing ten conjugated double bonds. Zhang and Hamaker (2012) found the pigment content of six different semolina samples as an average 3.31 mg/kg lutein and β-carotene. Yellow pigment concentration as an average 8.46 (Hatcher et al. 2008 ) for einkorn and 3.16 for durum wheat. Digesù et al. (2009) and Fratianni et al. (2012) found the lutein as 4.416 and 3.078 μg/g for T. durum Svevo respectively.
In the present study, similarly, the amount of lutein equivalent was obtained as 4.37 μg/g initially for bulgur made from T. durum Svevo. Total carotenoid content (TCC) was found as μg lutein equivalent per g in cereal grains and flours as described in AACC (2012) method 14-60.01. TCC values obtained from bulgur samples are given in Table 3 . The only decrease was obtained with steam tempered and sunlight exposed bulgur samples. However the increase at 24th hour for all tempering and polishing methods was obvious. The highest value was obtained with spray tempering and UV-light exposure as 6.31 μg/g. The value at 24th hours was the best operation time for all methods in terms of TCC increase (from 4.37 to 6.19, 6.31, 4.43 and 5.70 for spray+sun, spray+UV, steam+sun and steam+UV, respectively).
TCC and color values of tempered and polished bulgur samples are reported in Table 3 . While maximum CIE b* value was obtained as 33.40 with steam tempered and 36th hours UV polished bulgur, maximum TCC value was obtained as 6.05 mg/kg with spray tempered and 24 h UV polished bulgur. All of the CIE b* values higher than the initial bulgur samples. In this study, TCC values show the amount of extractable carotenoid content soluble in water saturated butanol (WSB) explained as in AACC (2012). Also, lutein (65.2 %) was the main component of carotenoids, followed by zeaxanthin (5.4 %) and β-carotene (0.6 %); α-carotene (0.5 %) and β-cryptoxanthin (0.3 %) were minor components, in several cases present only in traces. HPLC analysis also showed the presence of significant quantities of other carotenoid compounds. Lutein was always found to be the major carotenoid in wheat, even if the proportion varied greatly in different assessments (AbdelAal et al. 2007; Adom et al. 2003; Digesù et al. 2009; Fortmann and Joiner 1971; Fratianni et al. 2005; Hentschel et al. 2002; Hidalgo and Zamora 2006; Humphries and Khachik 2003; Leenhardt et al. 2006; Serpen et al. 2008 ). Many studies concluded WSB method was correlated with lutein content in grains. The color values indicate surface reflectance of selected kernels of sample.
On the other hand, total carotenoid concentration, as determined by HPLC, compared with yellow pigment concentration, measured by AACC method 14-50.01 (AACC 1999a) (previous method used in this study), showed that the portion of carotenoids amounted to 33.2 % of the yellow pigments in the 80 wheat accessions examined by Digesù et al. (2009) . This implies that there are unknown color-producing compounds in the durum extracts absorbing light. This observation is in accordance with results provided by Hentschel et al. (2002) and by Leenhardt et al. (2006) . Hentschel et al. (2002) found that the carotenoid fraction of yellow pigment concentration amounted to only 30-50 % in eight durum cultivars, and concluded that there are other compounds not yet identified that contribute considerably to the yellow color of the grain extracts. In contrast, Burkhardt and Böhm (2007) and Fratianni et al. (2005) showed close correspondence between reflectance measurements and total carotenoid concentration determined on durum cultivars by both the standard AACC 14-50.01 or ICC 152 methods and the HPLC procedure.
In fact, several studies have recently investigated the relationship between color and carotenoids in wheat, triticale (Adom et al. 2003) and durum wheat (Fortmann and Joiner 1971; Fratianni et al. 2002) . There were significant positive associations between total yellow pigment (TYP) and lutein content or TYP and the summation of total carotenoids with a correlation coefficient, respectively. This demonstrates that the colorimetric method or TYP content would be a good predictor of the lutein or total carotenoid content in wheat (Abdel-Aal et al. 2007) . In this new method (AACCI Approved Method 14-60.01) developed and validated by Abdel-Aal and Rabalski (2012) absorbance is read at 450 nm, the average maximum absorption (λ max ) of carotenoid wheat extract, instead of 438.5 nm, as in AACCI Approved Method 14-50.01. The new method measures TCC as a lutein equivalent based on the use of an authentic lutein standard instead of β-carotene, as is used in AACCI Approved Method 14-50.01 and ICC Standard Method 152.
In the light of these information's, the yellowness of the bulgur and lutein content would be expected to be parallel however, the results were not strongly correlated this relationship. The strongest relationship between CIE b* (yellowness) and TCC (lutein) were obtained with steam and UV-light applied bulgur samples (R 2 =0.62). It may be uneven distribution of lutein in the bulgur kernel. A proper tempering and polishing operation should lead to the yellowness namely lutein and other yellow constituents with a bright view. In this study, it was obtained as the best by using the steam and UV-light operations.
As a summary, CIE a* and CIE b* values are the measure of total coloring substances in bulgur. The other parameters are only the concentration of lightness (CIE L*) and index of yellowness (CIE YI). The relationship between the color values (CIE a* and CIE b*) and TCC was not strong. This result is compatible with Hentschel et al. (2002) , who showed that other substances of unknown structure contribute to the yellow color of grain extracts. Moreover, one of reasonable explanation is the difference between color reflectance and TCC. Colour reflectance is only visual correspondence of surface, however TCC is the total amount of carotenoid pigment throughout the kernel. The concentration of carotenoid on the surface of bulgur should be correlated with the CIE b* value. Fratianni et al. (2005) explained that result could be due to the intrinsic characteristics of the colorimetric measurements that are affected by the physical appearance of the sample. In fact, defects due to the irregular development of the granule, such as lightly stained kernels, are also visible in milling products, and the CIE b* value can lower independently from the pigment content because of the appearance of the sample surface (bulgur has granular shape and its surface is irregular). Therefore, reduction in the yellowness, as measured through the CIE b* index, has to be attributed to other factors apart from the pigment amount.
Protein, ash and moisture contents
Apparently, different responses in the total carotenoid content obtained with both tempering and polishing methods may be attributed to differences between the tempering and polishing methods as well as the other parameters like moisture content, ash content or protein content. Changes in moisture, ash and protein contents during the tempering and polishing operations were given in Table 4 .
The moisture contents and the changes with tempering/ polishing operations were given in Table 4 . In general the moisture content of bulgur samples decreased after the UVand sun operations.
Sun and UV-light significantly decreased (P<0.05) the moisture content of bulgur. Because sunlight has more energy than UV-light, it caused drying of bulgur samples. Time of polishing operation were significantly (P<0.05) effective on the decrease in the moisture content of bulgur as expected. Also, Pearson test (Table 5) revealed that the moisture content of bulgur was positively correlated with TCC at P<0.01 level with a coefficient of 0.384. The UV and sun operations were given the energy (Schoefs 2002) to the bulgur samples, therefore the amount of moisture inside the bulgur particles should be decreased due to evaporation.
The ash content values and changes with tempering/ polishing methods were given in Table 4 . Borrelli et al. (2008) concluded that ash content has no direct effect on pigment loss rather, a higher amount of this component in semolina leads to an increased brown hue, reducing the semolina and pasta yellowness (Kobrehel et al. 1974; Matsuo and Dexter 1980; Taha and Sagi 1987) . Also CIE b* value negatively correlated with ash content (%, d.b.) (0.278) at P<0.05 level (Table 5 ). This can be explained as the increasing amount of ash decreases the CIE b* value as expected (Bayram and Oner 2006) .
Pearson test (Table 5) revealed that ash content of bulgur was positively correlated with protein content at P<0.01 while negatively correlated with CIE b* value at P<0.05 level with a coefficients of 0.297 and 0.278, respectively. Higher level of ash content decreased the yellowness of bulgur as expected.
The protein content and its changes with tempering/ polishing methods were given in Table 4 . Digesù et al. (2009) concluded that pigment concentration was negatively correlated with grain protein content. The highly significant negative correlations observed between yellow pigment parameters with grain protein content are particularly important for durum breeding programs. However, in this study, there was no direct relationship between protein content and total carotenoid content. Also, sunlight and UV processes clearly decreased the protein content at P<0.05 level as well as the time of exposure at P<0.01 level with coefficients of 0.297 and 0.450, respectively. On the other hand, steam tempering decreased the protein content of bulgur samples more than spray tempering at P<0.01 level with a coefficient of 0.419. This can be explained as the temperature effect on the proteins of bulgur. Concurrently, the reaction on globular and fibrous proteins was also found to differ upon irradiation (Elias and Cohen 1983; Stewart 2001) . The progress in the radiation chemistry of carbohydrates showed that degradation often n, means the number of run for each data ±, means standard deviation of "n" number of measurements occurred. However, less degradation was found to occur in food than that of model systems (Stewart 2001) . According to the ANOVA, tempering, sun/ UV-light operations and time of operations were significantly effective (P<0.05) on the protein content of bulgur samples. Also, Pearson test (Table 5) revealed that protein content of bulgur was positively correlated with moisture content at P<0.01 level, positively correlated with ash content at P<0.05 level and negatively correlated with CIE b* value at P<0.05 level with coefficients of 0.436, 0.297 and 0.324, respectively. Kuan et al. (2013) concluded that the irradiation can cause subsequent changes in food components; especially in carbohydrates, proteins, lipids and vitamins. Also, Stewart (2001) and Delincée (2002) showed that protein may decrease by the radiation.
Conclusion
According to market trend analysis, the polished-yellowish bulgur have a big potential. In this study, the spray and steam tempering methods were applied before the sun and UV-lights polishing processes to improve the yellowish color.
For the tempering of bulgur before polishing, it can be concluded that both tempering method has positive effects on the color of bulgur as expected. In order to increase the yellowness of bulgur, the steam tempering operation should be subjected instead of spray tempering. Steam tempering was the better tempering method than spray tempering according to CIE b* values. High temperature tempering operation has positive effect on the yellowness of bulgur. This study reveals that tempering is a vital step before the polishing operation to obtain bright yellow color.
UV-light was more effective than on the CIE L* and CIE b*. UV-light showed a noticeable improve on the color of bulgur.
Total carotenoid content of bulgur samples was the first mentioned in this study to discuss the color. It could not be only the lutein but also other color constituents like flavonoids, β-carotene etc. Sunlight and especially UV-light excited the light sensitive pigments like carotenoids. These carotenoids emitted the UV-light and increased energy level resulted in color change. The only decrease was obtained with steam tempered and sunlight exposed bulgur samples. The strongest relationship between CIE b* (yellowness) and TCC (lutein) were obtained with steam and UV-light applied bulgur samples (r 2 =0.62). It may be uneven distribution of lutein in the bulgur kernel. A proper tempering and polishing operation should bring to light the yellowness namely lutein and other yellow constituents with a bright view. In this study, it was obtained with only steam and UV-light operations. In fact, defects due to the irregular development of the granule, such as lightly stained kernels, are also visible in milling products, and the CIE b* value can lower independently from the pigment content because of the appearance of the sample surface. Total amount of lutein and yellowness are not correlated in bulgur.
The relationship between the color values (CIE a* and CIE b*) and TCC was not strong. Moreover, one of reasonable explanation is the difference between color reflectance and TCC. The concentration of carotenoid Table 5 Pearson correlation coefficients for all parameters after UV-sun-light operation on the surface of bulgur should be correlated with the CIE b* value.
